Abstract: Recently, the beneficial effects of different single doses of standardized dry olive (Olea europaea L.) leaf extract (OLE) in cold restraint stress (CRS)-induced gastric lesions in rats and its influence on oxidative parameters in gastric mucosa were demonstrated. The present study was undertaken to investigate the long-term pretreatment efficacy of OLE and its potential in the modulation of CRSinduced oxidative changes at the liver level. The experimental animals were divided into four groups, i.e., control, OLE-treated, CRS non-treated and CRS treated with OLE (CRS+OLE) groups. CRS caused severe gastric lesions in all non-pretreated animals and two-week pretreatment with OLE (80 mg per kg of body weight) attenuated stress-induced gastric lesions significantly. The malondialdehyde (MDA) level as an index of lipid peroxidation, superoxide dismutase (SOD) and catalase (CAT) activities were measured spectrophotometrically in liver tissue homogenates. The MDA level was increased in the CRS group and significantly decreased in the CRS+OLE group. The SOD and CAT activities were significantly decreased in the CRS group. In the CRS+OLE group, the activities of these two enzymes were significantly increased in comparison with the CRS group. The results obtained indicate that long-term supplementation with OLE provides oxidant/antioxidant balance in liver during stress condition.
INTRODUCTION
Stress, a condition in an organism that results from the action of several stressors, has been reported to affect the progression and severity of different diseases. Environmental stress has been shown to be associated with altered ho-1208 DEKANSKI et al. meostasis that may lead to oxidant-antioxidant imbalance. Under normal conditions, antioxidant systems of the cell minimize the perturbations caused by free radicals. When free radicals generation is increased to an extent that overcomes the cellular antioxidants, the result is oxidative stress.
It is known that immobilization stress accelerated by cold (a combination of two potent stressors) can disrupt the balance in an oxidant/antioxidant system and cause oxidative damage to several tissues by altering the enzymatic and non-enzymatic antioxidant status, protein oxidation and lipid peroxidation. 1 As a new strategy for alleviating oxidative damage, interest has been growing in the usage of natural antioxidants. It was suggested that many of the negative effects of oxidative stress are diminished upon supplementation with certain dietary antioxidants, such as vitamins and other non-nutrient antioxidants, e.g., plant flavonoids. 2, 3 There is an increasing interest in total medicinal plant extracts, the greatest value of which may be due to the constituents that contribute to the modulation of the oxidative balance in vivo. Additionally, the obvious advantage of total plant extracts is that they are easily attainable products, without purification of any of the fractions needed in order to apply them in possible prevention/treatment of diseases. 2 Reasonably, the application of large quantities of plant extracts as dietary supplements is not to be recommends before assessment of important health issues regarding use of plant phenolics in general, and plant flavonoids in particular. 3 Olive tree (Olea europaea L.) leaf has been used in traditional, folk medicine, in Mediterranean countries, particularly as an antimicrobial and cardioprotective agent. 4 Recently, experimental animal studies demonstrated its antihypertensive, anti-atherogenic, anti-inflammatory, hypoglycemic and hypocholesterolemic effects; all of these positive effects were at least partly related to its antioxidative action. 5 Moreover, its antihypertensive effect in patients with stage-1 hypertension was confirmed in a double-blind, randomized, parallel and activecontrolled clinical study. 6 The main constituent of olive leaf is oleuropein, one of the iridoide monoterpenes, which is thought to be responsible for its pharmacological effects. In addition, olive leaf contains triterpenes (important amounts of oleanolic and maslinic acid followed by minor concentrations of ursolic acid, erythrodiol, and uvaol), flavonoids (luteolin, apigenine, rutin, etc.), chalcones (olivin, olivine diglucoside) and tannins. 4, [7] [8] [9] It is its chemical content that makes olive leaf one of the most potent natural antioxidants. Oleuropein has remarkable antioxidant activity in vitro, comparable to a hydrosoluble analog of tocopherol 10 , as do other constituents of olive leaf. 11 Literature data on olive phenolics is mainly concerned with purified compounds, while the antioxidant properties of total extract have been poorly investigated. Being a complex mixture of compounds, the study of the protective effect of the total extract could be more representative than those of OLIVE LEAF MODULATES HEPATIC OXIDATIVE STRESS 1209 single components. It was shown that a total olive leaf extract had an antioxidant activity higher than those of vitamin C and vitamin E, due to the synergy between flavonoids, oleuropeosides and substituted phenols. 12 The beneficial properties of olive leaf are further enhanced by the good absorption of its phenolic constituents and their significant levels in the circulation. 13, 14 Although several studies have investigated the effects of cold-restraint stress on the antioxidant system and induction of lipid peroxidation in several tissues, to date, no information is available regarding the antioxidant effect of total dry olive leaf extract (OLE) on cold restraint stress (CRS)-induced hepatic oxidative stress. The influence of stress on the liver is also of interest from the clinical point of view, because stress plays a potential role in aggravating liver diseases in general and hepatic inflammation in particular, probably through the generation of reactive oxygen species (ROS). Thus, in this preclinical investigation, the effect of CRS on oxidative stress and antioxidant defense system and the possible protective effect of OLE in rat liver tissue were investigated.
EXPERIMENTAL

Materials
Olive leaf extract EFLA ® 943, standardized to 18-26 % of oleuropein, was purchased from Frutarom Switzerland Ltd. (Wadenswil, Switzerland). The extract was manufactured from the dried leaves of Olea europaea L., applying an ethanol (80 % m/m) extraction procedure. After a patented filtration process (EFLA ® Hyperpure), the crude extract was dried. The stability and microbiological purity were confirmed by the manufacturer. Further comprehensive phytochemical analysis of the extract was previously realized and it was found to contain oleuropein (19.8 %), total flavonoids (0.29 %), including luteolin-7-O-glucoside (0.04 %), apigenine-7-O-glucoside (0.07 %) and quercetin (0.04 %), as well as caffeic acid (0.02 %), and tannins (0.52 %). 15 The same batch of EFLA ® 943 was used in the present study. Hydrogen peroxide and thiobarbituric acid (TBA) were purchased from Sigma-Aldrich (Schnelldorf, Germany). All other reagents used in biochemical analysis were obtained from Merck (Darmstadt, Germany).
Animals, stress induction and stomach evaluation
Twenty-four male Wistar rats from the Biomedical Research Center, R&D Institute, Galenika a.d. (Belgrade, Serbia), weighing 250±20 g, were used. The rats were housed 3 per cage under constant environmental conditions (20-24 °C; 12 h light/dark cycle), and were given ad libitum access to standard pelleted food and water. This study was approved by the Ethical Committee of the Medical School, University of Belgrade, and run in accordance to the statements of the European Union regarding the handling of experimental animals (86/609/EEC).
The animals were randomly divided into 4 groups each consisting of 6 rats: control, OLE, CRS, and CRS+OLE.
The first, control group received 1 ml of distilled water intragastrically (i.g.) using a metal tube for gavage for 14 days. This was the group of normal, healthy animals without any drug pretreatment or stress induction.
The OLE group received olive leaf extract (80 mg kg -1 daily, i.g.) dissolved in distilled water for 14 days.
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The CRS group received distilled water i.g. for 14 days, and it was the group exposed to cold restraint stress on the last day of the experiment.
The CRS+OLE group received OLE (80 mg kg -1 , daily, i.g.) dissolved in distilled water for 14 days. The last dose was administrated 120 min prior to CRS induction.
Day before the stress induction all experimental animals were placed in individual metabolic cages and were fasted for 24 h, but had free access to water. The rats from CRS and CRS+OLE group were immobilized in individual restraint boxes without the possibility of visual contact 16 and subjected to cold (4 ±1 °C) stress for 3.5 h. This regimen of cold-restraint stress was reported to produce gastric ulcers in food-deprived rats, 17, 18 as well as plasma and hepatic tissue lipid peroxidation. 19 At the end of this period, the animals were sacrificed under ether anesthesia, the abdomen was opened by midline incision and the liver and the stomach were removed. The stomach was opened along the greater curvature, rinsed gently with water and pinned open for macroscopic examination. The number and severity of gastric lesions were evaluated according to the following rating scale: 20 0 -no lesion; 1 -mucosal edema and petechiae; 2 -from 1 to 5 small lesions (1-2 mm); 3 -more than 5 small lesions or 1 intermediate lesion (3-4 mm); 4 -2 or more intermediate lesions or 1 large lesion (greater than 4 mm); 5 -perforated ulcers. The sum of the total scores divided by the number of animals in the group was expressed as the ulcer index (UI)±standard deviation (SD). The percent inhibition of UI in relation to the CRS group was estimated from formula: % Inhibition = (1-(UI OLE+CRS /UI CRS ))×100
Biochemical examination of liver
The liver from each animal was weighed, transferred to the ice-cooled test tube and homogenized by Ultra-Turrax T25 (Janke & Kunkel GmbH. & Co., IKA ® -Labortechnik, Staufen, Germany) in 20 mmol l -1 Tris buffer, pH 7.4, containing 5 mmol butylated hydroxytoluene to prevent new lipid peroxidation that could occur during the homogenization. The homogenate was then centrifuged at 12000 rpm at 4 °C (Megafuge 2.0.R, Heraeus, Germany) for 10 min. The supernatant was aliquoted and stored at -80 °C until determination of the total protein, malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT).
The biochemical parameters were determined spectrophotometrically (UV-Vis spectrophotometer HP 8453, Agilent Technologies, Santa Clara, CA).
The protein content of the liver tissue samples was estimated by the method of Lowry et al. 21 using bovine serum albumin as the standard.
Lipid peroxidation was determined at 533 nm and the MDA level was measured by the thiobarbituric acid (TBA) test according to the method suggested by Buege and Aust. 22 The SOD activity in the liver was determined by measuring the inhibition of auto-oxidation of adrenaline at pH 10.2 at 30 °C by the method of Misra and Fridovich. 23 One unit of SOD activity represented the amount of SOD which was necessary to cause a 50 % inhibition of adrenaline auto-oxidation.
Activity of catalase in liver was determined according to the procedure of Goth 24 by following the absorbance of hydrogen peroxide at 230 nm and pH 7.0.
Statistical analysis
All results are expressed as means±SD. Statistical analysis was realized using one-way ANOVA and the post hoc Tukey test. Values of P less than 0.05 were considered as significant.
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RESULTS
Effect of OLE on gastric lesions induced by cold restraint stress
Cold restraint stress produced visible gastric lesions in all animals in the CRS group. They were located mostly in the corpus. No visible lesions developed in the non-secretary part of the rat stomach, which is a well-known response to CRS. Moreover, after opening, hemorrhagic content was found in stomach lumens. Following 3.5 h of cold-restraint stress, the average ulcer score in the non-pretreated group was very high (4.33±0.85). OLE (80 mg kg -1 ) significantly prevented the gastric mucosal lesions induced by cold-restraint stress. Ulcer index (UI) was 1.33±0.52. The percent of inhibition in UI was 70 %. Only gastric mucosal edema and petechiae were seen in almost all (5 of 6) animals in this experimental group. No visible sign of ulceration was observed in the control animals or in OLE group of animals. (Fig. 1) . Fig. 1 . Effect of intragastric pretreatment with olive leaf extract (OLE), applied at a dose of 80 mg kg -1 for two weeks, on the malondialdehyde concentration (nmol (mg protein) -1 ) in the liver of rat exposed to cold restraint stress (CRS); * indicates statistical significance (P < 0.05) of the difference in the MDA concentrations in non-pretreated rats exposed to CRS as compared to the control animals; ** indicates statistical significance (P < 0.05) of the difference in MDA concentrations in pretreated rats as compared to the CRS-exposed rats without pretreatment.
Effect of OLE pretreatment on lipid peroxidation and the activity of antioxidative enzymes in the liver
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As shown in Fig. 2 , the SOD activity averaged 115.70±3.10 U mg -1 protein in healthy rat liver. Following exposure of the rats to CRS, a significant decrease in SOD activity to the value of 99.07±3.09 U mg -1 protein was observed. OLE administration significantly reduced the decrease in SOD activity in the CRS+OLE group (109.70±5.12 U mg -1 protein) but did not influence the enzyme activity in the group of non-stressed animals. Fig. 2 . Effect of intragastric pretreatment with olive leaf extract (OLE), applied at a dose of 80 mg kg -1 for two weeks, on the superoxide dismutase (SOD) activity (U (mg protein) -1 ) in the liver of rat exposed to cold restraint stress (CRS); *indicates statistical significance (P < 0.05) of the difference in SOD activity in non-pretreated rats exposed to CRS as compared to the control animals; **indicates statistical significance (P<0.05) of the difference in SOD activity in pretreated rats as compared to the CRS-exposed rats without pretreatment.
Catalase activity in the gastric mucosa was also significantly decreased after 3.5 h of CRS (24.53±1.00 U mg -1 protein in the control group vs. 19.77±0.8 U mg -1 protein in the CRS group). Pretreatment with OLE significantly reduced the decrease in CAT activity in the CRS group, whereas the values of this enzyme activity in OLE group remained unaffected (Fig. 3) .
DISCUSSION
It is well-known that the pathogenesis of immobilization and acute cold stress-induced tissue lesions includes the generation of reactive oxygen species (ROS), which seem to play an important role due to the generation of lipid peroxides, accompanied by impairment of the antioxidative enzyme activity of cells. The beneficial effects of different single-dose pretreatments with olive leaf extract (OLE) in CRS-induced gastric ulcers were recently demonstrated. 25 In this sense, the antioxidative properties of OLE were investigated in vivo, at the level of gastric mucosa. Here, experimental animals were supplemented with OLE (80 mg kg -1 , per os) for 14 days, the balance in an oxidant/antioxidant system was disrupted by cold and immobilization, and the antioxidative potential of OLE at the level of liver was analyzed. Fig. 3 . Effect of intragastric pretreatment with olive leaf extract (OLE), applied at a dose of 80 mg kg -1 for two weeks, on the catalase (CAT) activity (U (mg protein) -1 ) in the liver of rat exposed to cold restraint stress (CRS); *indicates statistical significance (P < 0.05) of the difference in CAT activity in non-pretreated rats exposed to CRS as compared to the control animals; **indicates statistical significance (P < 0.05) of the difference in CAT activity in pretreated rats as compared to the CRS exposed rats without pretreatment.
In the present study, the protective activity of OLE was confirmed via CRS--induced gastric ulcers. CRS caused severe gastric lesions in animals pretreated with physiological saline solution. Seventy percent of inhibition of ulcer index, related to the non-pretreated group, was obtained in animals pretreated with 80 mg kg -1 of OLE for two weeks. In a previous trial, long-term pretreatment with the same dose was effective in absolute ethanol-induced gastric lesions, and a potent antioxidative activity of OLE in rat gastric mucosa was evidenced. 26 The dose of OLE used in the present study was selected with respect to the nutraceutical/pharmaceutical level. It was calculated according to a clinical study in which OLE EFLA ® 943 at 1000 mg daily effectively reduced blood pressure. 6 For the extrapolation of the dosage from human to rat, food intake rather than body weight was taken as the criterion. 27 Briefly, the estimated quantity of OLE expressed per unit of human diet is 2 mg g -1 dry food, daily (1000 mg of OLE per 500 g dry food). For an adult rat (250 g b.w.) which consumes approximately 10 g of dry food daily, the consumption corresponded to an OLE dose of 80 mg kg -1 .
Since lipid peroxidation is a well-established mechanism of cellular injury, changes in the malondialdehyde (MDA) concentrations were measured as an indicator of lipid peroxidation. MDA in liver tissue homogenates was found to be significantly increased in the rats exposed to CRS, when compared with the control group. These results are in agreement with previous findings, which were related to stress-induced lipid peroxidation in plasma and liver of experimental animals. 1, 19 OLE pretreatment significantly decreased the MDA level in the liver of 1214 DEKANSKI et al.
CRS rats. Recent reports showed antioxidant properties of the main phenolics present in olive extracts, i.e., oleuropein and hydroxytyrosol (the main metabolite of oleuropein). Thus, both phenolics showed a substantial degree of inhibition of lipid peroxidation in vivo in rat liver microsomes 28 and in oxidative stress induced by hydrogen peroxide or xanthine oxidase in vitro. 29 The OLE used in the present study contained 19.8 % of oleuropein. Therefore, ≈ 16 mg kg -1 of oleuropein was administered daily per rat. It is interesting that this dose of oleuropein was the effective dose in attenuation of hepatic oxidative damage (thiobarbituric acid-reactive substances (TBARS) reduction) in alloxan-diabetic rats. The administration of oleuropein-and hydroxytyrosol-rich extracts for 4 weeks significantly decreased the serum glucose and cholesterols levels and restored the antioxidant perturbations in liver. 30 The present results showed that the antioxidant system in liver was also affected by CRS. It was previously reported that CRS caused the inhibition of the activity of antioxidant enzymes in the liver and in the other tissues in rat. 1, 31 Six hours of immobilization stress caused a decrease in the liver levels of SOD, CAT and glutathione, while the level of MDA was increased, compared with non-stressed control rats. 32 Cold stress (CS) alone also alters homeostasis, resulting in the creation of reactive oxygen species which lead to alterations in the antioxidant defense system. The MDA levels were increased, whereas the SOD, CAT and glutathione peroxidase activities and total glutathione level were significantly decreased in the CS group. 33 In the present study, OLE administered to rats prior to stress induction attenuated the inhibition of SOD and CAT activity and, thus, additionally implicated its role in the modulation of the oxidative balance in liver. Jemai et al. 34 reported that hydroxytyrosol purified from olive tree leaves increased the SOD and CAT activities in the liver of Wistar rats fed a cholesterol-rich diet. In addition, in the same study, the content of TBARS in liver, heart, kidney, and aorta decreased significantly when hydroxytyrosol was orally administered. The antioxidative effect of the total OLE most probably resulted from the ability of its constituents to scavenge reactive oxygen species produced in CRS, which initiate lipid peroxidation. The performed phytochemical analysis of OLE EFLA ® 943 showed a high oleuropein content together with other important constituents, i.e., apigenine-7-O-glucoside, luteolin-7-O-glucoside, quercetin and caffeic acid, as well as low concentration of tannins. 15 The radical scavenging abilities of tannins, oleuropein and its metabolites, apigenine-7-O-glucoside, luteolin-7-O-glucoside, caffeic acid, and for total olive leaf extract were already reported. 12 Furthermore, quercetin, luteolin-7-glucoside and caffeic acid showed protective potential against oxidative damages induced by tert-butyl hydroperoxide (t-BHP) in HepG2 cells. All the tested phenolic compounds were found to significantly decrease lipid peroxidation and prevent glutathione depletion induced by t-BHP; quercetin also significantly decreased DNA damage. 35 Antioxidants are substances that delay or prevent the oxidation of cellular oxidizable substrates. The various antioxidants exert their effect by scavenging superoxide, or by activation of a battery of detoxifying/defensive proteins. 36 The present finding that orally applied OLE had a significant protective effect in hepatic oxidative stress is very important. The phenolic compounds from OLE are food constituents, thus ingestion is the natural route for their intake. The potential of other antioxidant nutrients, such as vitamins A (retinol), E (tocopherol) and C (ascorbic acid) individually and in combination (vitamin E + C) to modulate restraint stress-induced oxidative changes in liver was investigated, and the vitamin post-stress treatment was found to be effective in combating hepatic oxidative stress. 32 In the present study, the additional intake of OLE influenced neither lipid peroxidation nor the activity of the investigated antioxidative enzyme in healthy animals. It was recently reported that supplementation of vitamin E under non-stress condition decreased liver SOD, however the hydrogen peroxide content (as the subsequent product of SOD activity) and catalase activity remained unchanged. 37 The results obtained in the present study are partly in agreement with these. Not only is the liver the main target for nutrient antioxidants once absorbed from the gastrointestinal tract, but it is also the major place for their metabolism. Therefore, studies dealing with the metabolism of OLE constituents in liver should be given priority.
Several studies showed that phenolic substances increased the expression of SOD and CAT enzymes at the transcriptional level. 38 Recently, some individual and combined olive leaf phenolics exhibited SOD-like activity in vitro. 39 Furthermore, it was reported that oleuropein reduced the expression of a number of hepatic genes involved in oxidative stress responses and detoxification of lipid peroxidation products and pro-inflammatory cytokine genes. 40 According to the biochemical parameters, the first step has been made in that it was shown that OLE synchronized antioxidant enzymes and inhibited lipid peroxidation in liver. Thus, this effect is worthy of further investigation of its potential in the regulation of cellular signaling, gene expression and protein synthesis; in one word, investigation at the molecular level.
CONCLUSIONS
Bearing in mind the significance of stress and its potential role in the aggravation of liver diseases, natural hepatoprotective antioxidants are of great importance. A standardized olive leaf extract decreased lipid peroxidation in the liver of rats exposed to cold restraint stress. Superoxide dismutase and catalase enzyme activity were increased in liver tissue homogenates. The obtained results indicate that olive leaf exhibits a potent antioxidative activity at the level of liver. 
